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FORENORD

This paper was preparad by [r. Francls P. Shepard of the Scripps
Institution of Ogeanoprapny and peprasents in part the results of
resedreh carrisd out for the U. &. Navy and the 3sach Prosion Mard.
The report first acpearad in limited issue as fubmarine Gsology
Report lo. 6 of the Scripps Imstitution of Cceanopraphy, University
of California. It is belisvad that the findings of the investipations

dre of suffieclent value t0 merit publicatlen at this tne.

The opinions and conclusions sxpressed by ths apthor are not neocsssari-
ly those of the ™ard.
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Act for the improvement and protaction of ieaches along the shores
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approved July 31, 1945,
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LONGSHORE-BARS AND LONGSHORE TROUGHS

Abstract

The submerged longshore-bars and longshore—trourhs whish skirt
thz shores off most sandy beaches are described, The trouchs whish
lis landward of the bars are explained as the result of plunging
breaksre and the longshore ¢urrents which are feeders to rip ocurrents.
The bars are bthoupght to be partly the rasult of the sxcavation of the
trougne and parlly due to landward mirration of sand outsids the
breakars snd seaward migration from the troughs. The depths of the
bars and trouchs are shown %0 e related Lo wava and breaker heiechis.
The slimination of somes bars is se2n to be the effect of a lone con-
tinusd period of small waves during wnich the bar moves landward {i11-
ing the trough. In many 2reas the deeper bars persist undisturbed
dirough long paricds of gulst sseas. The andl ysis of thousands of pro-
files, mostly taken along Callfornia open ocean piers, is the ehiefl
basgis for the preceding conclusions.

troducticn

Besause of Welp instability, smbmarped sand bars are a source
of pavipetional diffioulty te svery type of cralt I'rom row boats 1o
gcean liners., Therd appesar to be lhrse principal types of th=ss
shiftismg sand bars, One JE crespentic in shape 2nd 1s found off many
river mouths =nd nerrow entrances to bays (fimre 18). i sscond
type is oval in shape and cccurs in groups of somawhat parillel dune-
like masss&a. Many of these are slongate parallel to the sides of
straits and astuari=s vhare there are sironos currents and whers
amndant sediment iy available (figure 18)., OUthers are more irregulzr-
ly dlstrimted, The third typs of bar is long and narrow, axtand-
ing essentially parall=l to the shore line along most long sand
beaches. The present discussion will deal only with this third type.
This type przsumably insludes the cusp-like bars whish wars reported
by Eing ard #illiams (9, 'p.75) Lrom Lhe shallow watar alonp the marpgin
ol savs in the Medditorranean. Fing and #illisms refer to the latter
as ¢resgent bars but they are decldedly dif'|'srant Ifrom the large
arascents of f bay entrances and are apparently morsg akin to beacgh
BUSHES .

The terp bell 85 beon used Lo deseribe Lhese shore-skirting mars,
and thedr accompanying troughs, found insids the kars, have been ra-
farred Lo a8 lows., However, the word ball imnlies a3 rounaish pro-
mbarance rather than an elonpate ridge and low euppesis & basin or
valley, so that it seems advisable to use the more descriptive terms
bar and trough for which there is ample precedent, In arder to
distinguish this wpe of bar irom othsr tynes which incleds emergent
bar bsachee, & quslifyving adjective is suppesied so that they will
b Lermesd here longshore burs and longshore trouphs.
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snyong accustomad to surfl swimming alonp rela tively straiznt
gandy bescnss can hardly have failsd to sncounter the longshore-tars
and troughs whnile wading out inte the breakers. During perioas of
hich wawes the longshore-bars can be deteeted from any hich place
which commands a view of Lhe surf zons, because the waves break along
these sheal ridges (fisure 2) and usually re-form on the inside
braaking zpain sither on inner longshore-bars or on the low tide
terrage, a featars which 1= very common mear lhe low tide level, If
the water is clear during periods of small waves, ths baps can be
seen a5 variations in the color shadine in the water alone the shope.

Longshere-bare have bsen described by various asuthors, and
suggestions hava besn made regarding their origin. A pood summary:
of the earlicr Iiterature will be found in Johnson (&) and in Evans
(2)s & sonsiderable fumber of profiles of the longshore-tars were
mate ly Terman investlgators, notably Dtto (10) who studizd a series
of bars ovar a pericd of five yesrs, Measuyrements by the T. 8.
Gosst and Geodetie Survey (15) provided other information. Profilas
of the iongshore-tars of Lake Michipan were made by lvang who
attempted also to determine the variation in position of these bars
during opa suymmer,

The work of Keulegan (&) with the Bach Lresion Toard during
and following World War II produced valuable wave-tank cbssrvatlons
and #n analysls of the wechanics involved in par formation. BX-
Lengive field swdies of longsnoors-hars wore initiated during the
war by the lgpartment of Enginearing of the University of falifornia
{ Brkaley). Most of this material is not yst published althoush
mumsrous profiles from various parts of the west coast have appeared
as mimeozraphed laboratory memoranda from the Ferkelsy group, Import-
ant investigalions were also conducted by King and Williams (9)
vhich ineludad field #nd tank observations,

At Scripps Institution informatien on lengshore-bars hag come
partisularly [{rom daily measuremeniz mads along the 1,000-foot
Institution pier during 1937 and 1938 (14) Sudsequent measurements
along this pier were made at various intervals, and profiles have
been obtained alonp seven other falifornia piars, all of which re-
vealed the existence and the changing positions of bars, The pisr
profiles, particnlarly those made daily &n 1937 and 1928, provide
the przdtest source of information for the pressnt report singe they
contain Lhe only available information on the changinpg depths and
pesitions of the tars and troughs which can be definitely related
to stort paried changes in waves, currents, tides, and winds. 1In
a gsanse it is unforiunate that this information should come from
pier profiles sinece piers form & sufficient obstruction both to
waves and currents to sSe% up special conditions, On the other hand
nothing has as y=t heen devéloped to Lake the place of pier soundings
for making ascurate profiles through largs Weakers, Sell-—prepellad
sea sleds (4) may form an sxception of this statment, but they have
not beon very succassiul. The breaksr zone is Lhe locus for lar and




AIR VIEW OF WAVES BREAKING ON LONGSHORE— BAR
ALONG WEST COAST NORTH ISLAND,NEW ZEALAND

[PHOTOGRAPH BY WHITES AVIATION, LTD,, NEW ZEALAND)
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trough devalopment. Measuraments with Dukws, the amphiblous vehicles
developed during the war, ars fairly satisfactory during small-surf
periods, tut these pariods are not as significant &s large-wave periods.
Ne records ars available in which profiles wers repsaeted at short
intervals during which a daily check on sea conditions had bean made,

Adequacy of Pier Profiles as a Source of Information

Sinre mmoh of the information for the prasent discussion comses
from pisr profiles, some justification seems required of the use of
this svidence {rom locations which are under special influsnces.
Evans (2, p. 479) observed that the bars along the esat shore of lake
Wichigan were «disturbsd and broksn up in the vicinity of plers. The
piers tend to deflsct longshore currents seaward as rip currants
which in wurn develop gaps in the bars. However, rip currents are
not particularly common along Scrippe pilsr. A mich more common rip
axists somewhat north of this pler. Fuorthermors the lensgshere~bars
appear to be well developed along the pisrs of southsrn Californis
and, so far as can be told from somewhat fragmentary information, do
nct appear to be particularly diffsrant from the bars on either sidae.
As will be shown subsequsntly, the changes of bars and troughs hawve
a definite relationship % wave and current conditions, Therefore
it seems likely that the changes in the pisr profilss are a fairly
reliable index of what is happening on either side. Finally, the
soundings were taken half way betwesn piles whare the least =ffact
would oceour and, in the case of the Scripps pier, a boom sxtended the
sounding wire 10 feet outside the rail, further decrsasing the piling
influence.

1f at some time in the futore informatien becomss available
from the slopes which are entirely free from pisr influence, it will
no doubt be mors satisfactory. Howaver, an enormous amount of
difficult work must be accomplished before sufficisnt information is
available to replace that coming from the thousands of pier profiles.

Characteristics of lLongshore-bars and Longshore-trouzhs

fLing and Williams (9) sxpress ths opinion that the feature re-
ferred to here as = longshore-bar is typical only of "tidelsss seash
such as the Mediterranean and Beltic, and thai another type which
thay call ridege and runnel is found expeosed by low tide on beaches
having large tidal ranges. The present investigations in areas
where appraciable tidal ranges operate make this distinction seem of
no great importance, although it may well be that the longshore-bars
in the areas of large tidal range are less contimuous and ¢ut by
more channals, partly a3 a result of runcff from ths sxposed troughs
during low tide.

The study of the hundreds of west coast profilese shows 2 rslation-
ship betwesn the depths of lonpgshore-bars and longshore-troughs. If
as sugpested by Passarge (11) the longshors-bars are tuilt by sediment
thrown shoreward by the breaking waves, there should be excavation of
a trough on the outside and building of a ridge on the inside of the
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plungs peint. A longshore-tar formed in this way should have a Srough
sut into tha sand slope outside the btar, whereas Lhe slope inside
should remain essentially uanchanged, Furthsrmors, the bars should
Torm shoreward of the breaking wavss., The daily pmi‘ﬂaa along the
Seripps pler show that virtually all of ths large longshore-bars form
slightly seaward of the plunge points of the larger breaksrs occurring
at the time the profile waes messured. Furthermore, the trough is
excavated on ths inside and the bar is either left as an erpsion
remnant or is uilt up outside the trough (fipurse 3 and 18), This
relationship is substantiated by Lhe numsrous casas where bars are
found which bave mo concavity inm the offshore slope cutside and was
sppggestad previously by Evans but withoat supparting svidenes, It is
also indicated in Xevlepan's Lapk expsriments.

Vost profiles show more than onz bar. In some places, as deg—
prited bty Evans (2) Share are several parzllsl bars comperapls in
siza and exbending for many milas along the shore. Flone pholos
demongtrale guch f=atures slong the shores of Texas, loulsiana, Lake
Michigan, apd Chasapeske Sy (B). The lines of breakers in plume
photos showing the ware along other coasts indicate less continucus
fasaturss and in many plazss  mmgeest that only ones significant har
exists, The pier profilss of soubhern Califormia fuggest that at
least in this sred oneg bar {s much larger than any others which may
exist, A eount of the 1937-38 profiles at Seripps pisr shows 209 with
indications of one or more bars in additior to Lhe large tar, wiereas
90 profiles show only one bar, The remaining 54 proliles gave no
indicaticn of ke sxistance eof a bar, FHyans found that in ganaral
the distance betwesn the second and third longshore-bap is greater
than that vatrean the first and sscond, and Lhat the bars grow
succasrively degper sway from shore, This appears also to B ftre
of most of the Oregon and Washington orofllss reported by Isaacs
(5)s On the gther hand no rle could be found relative to ths plural
longshors-lars measured along the Scrippe pisr. In & gonsidsrable
number of casss the suter bar, which was Lhe largest, stood higner
than that directly insids.

Longshora~bars are very commen off zsntly sloping sand beaches.
fo far a= can be ascertained, steeply sloping Usachss, thuat is,
begchis whore foreshers slopas ara 1n eeess of sboul 4%, have only
very narrow insignificant bars, During the investipation of beach
‘pI'::Il_‘LlEr“'- in firegon and Washington, Isaacs disecvered that tars ware
ot prezsnt in kays of small ﬁj.manainn, The report by King and
Wi1lliams (9) of cusp-like bars in such lecslities is slgnificant.
The profilss suggest that longshore-bars and longshore-troughs do
not exist outside of the zone whare waves Lreak during perieds of
high surf, However, so many of the ssctions establishing the axist-
ence of the bars terminate at depths near this outar limit that the
statement may not be wvalid, Other typss of submerged bars are inewn
to exist at preater depth (16, chart V).
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zalios of bar and trough depth gre influénced by 2 romber of
varistlegs ol which Lhe most impertant is Lhe slight despening which is
Tound alony the axis of the trough towards gaps in the bars, As a
regul® Largaly of his tank experiments, Kesulegan cams to the conslusion
that the dapth of longshore-bars and longshare-trouphs helow still-water
level showod o fairly constant relation such that the depth of the
trough alvided Ly ths depth o the bar is upproximetely 1.60. A small
number of rrof'iles from Lake Wicniean snd the Maltic cea sgemed Lo
varify hig ratio. A test of Lh% ratie was made from a much larger
nimier of beach prolll=s using Soth mean sea lavel and mean lower low
tide lzvel inatesd of utill-water level., The best reference level
for this comparisen iz not =sasily determinad. The rats of tidal
fluctustion i& small nzer the low and high tide marks, Wt it is
also small between o low high and high low which ars 2losely similar
in heipht. The aversge haizht of the Lids in the lafler stapgs is
close to mean tide (fipure 14). [ne sdvantags of vsing moan lower
low tide is thet under come cirpoumstances, partizularly with largs
waves, the longshore-bars and longshore-~froughs developed ai the
higher levels may be eliminated at low tide level whereas the low tide
bars and troughs are likely to persist during high tides. A plot of
these relations for 270 cases at Geripps pisr (figurs 4) shows that
the mean relaidonship 12 1.16 using mean sea lavel, or 1.23 using
lower low tide. A much smaller number of ssc¢tions alone othar
California plers shows a relationship of 1.40 for mean saa lsyvel, or
1.63 for lower low tide, for the troughs %¢ bars. A ssries of 1146
profilss taken out from west coast beachss 5y the Inpginesring Lepart~
ment. a2t the University of Jalilornia, Perksley, and by the Corps of
Enzineers, U. S« frmy, pave & value of 1,79 using mean sea lsvel,
or 1.63 using lower low tide (figure 5). Howsver, considering only
the profiles reported by Isaaes (5) off Orepon and Washington, the
ratio is close to that of Keulegan, being 1.60 using mean sea level,
or 1,92 using lower low tide., This area is one of very large waves,
20~1o Z0-fooil breakera being cormon during storms. 4 series of sast
coagl rrofiles largely off Cape Cod (figers &) indicate 1.34 using
mean soa Lovel, or 1.47 using mean low tide, for the average trough
to ar ratlo, A1l of these diagrems show a consideralle sprsad
in the retio and in peneral indicate that the ratic degrsasss with
depth. The ratios for mean sea levsl for the 4 groups average 1.3,
or 1.5 f'or m=an low water., The discrspancy with Keulegan's ratics may
be explainad because his sources of information were tank axperiments
whien hot bars and tropghs ol small amplitede.

Keulegan concidersd alse that thers vas a common raiio hetwssn
depths o the bar and what he called the bar base, He defined the
letter as ths lime connecting the trough and the tarlsse profile
outaide the bLayr, His experiments indicated that the depth of the
bar had & rTatio to the depth of the bar base, directly undernsath
the bar, of 0,58, This ratio was also tested [rom the beach prafile.
Toe lirge number of Scripps pier profilss shows the ratio for mean
sea levsl to be Q.77. or 0.70 vaing lower low tide (figira 7). Hew-
ever, sho profilss at ather plers pive 0.58 using mzan ssa lavel,
or 0.46 wsing lower low tide. The wes\ cozst beach profilss pgive &
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ratio ol .43 using mean sea level, or 0.53 using lLowsr Jow tide
(figore 2), with distinctly higher ratios for the greater depths, The
profiles off Oregon and Weshingbon have a ratde of 0.57 using mean

sea leval, or O.46 using lower low tide. ‘The esst cnast sections
larpgely oii‘ Cape {od gave & ratio of 0,59 using mean sea lsvel, or 0.53
using mean low tide {figure 9), also close to that of Eaulagan- The
average ratio for the 4 groups for mean ssa level is 0.63 or (.55 using
lower low tide. Thus the FKeulegan ratioc for these paramaters checks
very well.

Relation of BRairs and Troughs to Wave Height

Frvans, Keulegan, dnd King and Williama all recognieed the relatlon-
shis betyween the wive aiza and bar depth, This relatienshin becomes
5till more evident U'rom the study of {he hra:nflles taken alone the
galifornia piers. ‘The most substantial dzia were darived from the pro-
files along Scripps pisr (fisure 10). 4 pl.n:-tti_.ng of bar depth apainst
the wave helphte which wers meusured dsily shows 2 grouping of points
around the mecian line omt Havine & rather large spread. The sanme
relatien comes from the plot of trough depths against wave hsight
(figure 11). The guartile lines in figures 10 and 11 drawm parallel
to the median line ipdicate that more than 40% of the points lis
within ane foot ol the mediap line, There can be little doubt tut
wnat deeper-lonpgshore-bars and longshors-trowghs are found on bthe days
ol larger waves, The relationship was zlsc tested by plotting the
groatest wave neipht of the preceding 5 days against the tar depth
{fipure 12), but this does not sroup the peints 235 close to the
median 1ine as did the plolting with accompanying vave helghis.

A comparison ol some of the daily profiles to changing wave heights
indicates the nature of changes which tzke place (figures 3, 13, and 18),
The complete rscord for the 1237-38 msasurements of depth cnanges of
both thy longshore-bar apd longshore~trougn along with wave height
and bar height above the trough il given in figure 14. The fact that
the response to changing wave conditions is similar throughioul the
years leaves litile doubl of the reality of this relationship., The
bars asccompenying relatively small waves are cut away by the large
waves and new bars from outside. RHowever, the uilding up of the
new bars may lag so that bthe First elfect of a day of larpge waves is
likely to bte a culbing away of the old bar and the excavation of a
deep trough inside rather than the tuilding of a new har on the
outsids. The new bar often develops affer the lappe waves have sub-
sided; A comparison of the wave record ovar the yesr with the cross-
sectional area of the tar is also instructive (figure 15). This
spross-sectional area is derived by drawing 2 horisontal line out from
the bottom of the trough to the point wherse the line intersects the
guter slope and computing the area of the bar sbove the line, The
bars clearly incrsase in size during the season of large waves, but
the incrsasse generally lags after a particular periecd of large hraakera.
lengshore~bar and longshore-trough depths show e relationship to
maximum wave heights. Thus the bar crests off southern California are

11
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almost all lese bhan 10 feet pelow mean sea lsvel. In this arsa breakers
are rarely greater than 10 feei. Off waghington and Orsgon 20-foot
waves are fairly common and bare sxtend o depths of at lsast 18 faet,
This diffeérence can be sgen by the grouvpings of poeints from southern
galifornia and from Washington and Oregon in figire 5.

4 plotting of the bar depth at a series of piers in southern
California was made in relation lo the Seasonsl change (ligrae 16).
All ot the bars and troughs shozled ag the symmer pertiod of small waves
advangad, A similar effect over a moch longsr perled is shown by the
depth of the lars and troughs along the Serippe pler during a B-year
period {fipure 17).

Rkelalion to Cyrrents

The data do not pormit 25 good 2 correlation heblween longshore-tar
and. longsho pe—trough development and currents as 1s possible with wave
height. Jurrents wars sbssrved but not measured at sevaral pednts
algne the Sciippe piler during most of the period of dilly sand mudsurs-
mant, snd 3 Sverdrup-[0shl current meter was im yesu 3t the epd of the
piar durlop most of the fims. IV is unfortunate that thsre is net a
compliete record of eurrents in the zone of bar and trouph development.
However, put of O8 observations in this zone orly 2 showed gurrents in
a different direction from ths currents observed at tha pisr end at
the same time. There appsar to be seme striking relations bebtmeen the
area of the longshore-bar and the current dirsction (figurs 15).

South currento apparently incraase the arsa of the bar and the streng-
28t recorded south current wids ohserved just befors the bar grew teo
ite largest arsa. North currents conversely appear to have the

el'fect of tecreasing the ber arsa, Une case where large waves were ac—
companied Ly sxesasive £iil took place in February, 1938, during a
periocd of nerth currents (Tigurs 13, ).

A profile obtained at Oceanside pler at a vims of very large
lonpshore currents insids the breakers indicated a very large bar and
trough. ©Other evidence sugpesting that strong currents are sn import-
ant factor, at least in the formation of broughs, comzs from the find-
ing of desp troughs along the path of the longshore feeder currents
to rip currents during times when the currents &re partieularly strong
(12, pp. 350-352). When thess channels ars exposed by low tide,
current ripples are found Iln them indicating flow dlong thelr axss
(5). Isaace reports that these ripples incrsase in magnitude aleng
the troughs towards the rip channels whisch ¢éross the kars. Haar
these ¢ross channels he found glant ripples similar to those in
tidal chapnels,

Relation to Tides

The longshore-tars and lonpshors-troughs ars necessarily dependent
on the tides since waves break lsrther out on the offshore slope during
low tides than during high tides. The large renge during spring tides
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cause a shilfting of position of deposition and cutting. This was
clearly shown during a 36-hour period of contimuou:z profile msasurs-
ment. The resull of this shif't should be a greatsr development of
bars and troughs durineg or shortly after neap tides when the brasker
line remains more constant in position. A similar effeet comes from
the small rangas between the centiguous low high and high low which
agcompany heao tidss,

Examination of the bar develoomert during 1937-28 shows that
other influeneces such as wave height and current variation are more
important than tide, Wi there is a tough correlation between the
lsrger bars and neap tlde perisds {(figure 14). The first of the
records showed somawhat of an inverse ratio to tide stape beosuse of
the development of large weves at spring bide, but ths mors typigal
relationshin is seon duyring mosti of the year when the bara are develop-
ed best during or shortly after neap Wdes. Tt will be noted in
figure 14 that the growth of the bars is also somewhat dependent on
the small [Mwetuations between high low and low ligh Lides,

Origin of Lonpshore-iErs and Longshore—troupghs

Speculation concerning the origin ¢f longshore-bars has been appear—
ing in priant for more than 4 century, De Beaumont (1) first recognized
these bars a2 = natural result of the readjustment of submarine slopes
to existing wave conditions, He considered that wave action remaved
material from the sea [loor and uilt it up as a bar parallel to the
shore. Johnson (f) supported this hypothesis as the sarly stage in
the origin of the smerpent offshore bars. The present investication,
however, supports Evans (2, p. 510) in the indication that longshore-bars
are in =2quilibrium with wave conditions and that the migration of the
bars is only & temporary or seasonal fluctuation and does not form the
broad emergent beaches te which the nams offshore bar is applied,

Russell (12) and Gilbert (3) concluded from their studies of the
longshors~tars of the Great Iakes that the materials of the bars were
darived from the beaches and carried along the shors until deposited
where the "undertew't loses ita force, Evans (2, p. 503) supporting
Johnson pave the following arguments apgainst the origin by longshore
purrenta;

"1, Becauze ol the scute angle at which bhe inner hall
{(longshere~bar) usyally Joins tha shore

2. BPecazuss tne ball (longshore-tar)doses not rsceive any
considerable ampunt of material Irom the locality
whers it Jjoins the shors

3. IM®cause of the failure of the tall (longshore-bar) to
build sbove the water as does 2 spit or bar (bay bar)
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4y DPecause of the lack of any considerable connection
between the cuter balls (longshore-bars) and the shore,
although they are genarally higher above the bottom
and broader than ball No. 1 (innermost longshore-bar)

5. PBecause the line of the bottom of ths lows (longshore-
troughs) prolonged intersacts the surface landward rather
than seaward of the shore lins."

Te fifth point is significant since 1t indicates that ercsian of the
sea floor rathzr than simpls depesition has taken plaecs. However, it
does not oxclude lemgshors currents frgm d4n inpariant part in the pro-
duction of the longshors-bars, The other points depand on the assumpt-
ipn that longshors drift tuilds only struciures which extend o the
surfacs, such as spits, bay tars, &nd offshors bars, Actuslly there
is no proocf that this 1ls Lhe case.

Ons psn sgree botter with Evans' suggesilon (2, p. 508) that the
loncshore-troughs are the result of plunging breakers. However; his
concluysion that the material set in suspension 1s carrisd outb to form
the bar may be only partially corrsct because the profiles along
Seripps pler indicats that in many cases the material has come from
the cutsidse. EKeulagan (7, figzure 4) established throupgh his expari-
mants that the Lrough pesition is determined by the posltion of the
plunging breaker, King 4nd Wllisms (9, p, 80) sonsidered that the
bar forms 2t the Mureak pointt 25 the result of ssaward movement of
material inside and landward on the outside.

The invesligations at Scrippe Institution do not offer amy
rardipgally diffarent hypothesls for the origim of the longshore-bars
and longehore—troughs, The importance of the plunging of breakars
is indicated by the close correspondence of the longshors-bar crost
depthe witn the wave height. The wavea steepen and start W break
onte the bar ond then plunpe into the trough on ths shoreward side of
the bar, The position of the longshors-bar and longshore-trough is
somawhat 8 matier of chance sines given an sven slops the position
at which = saries of newly developed largs weves will break is
dependent on the state of the tide when these waves begin their work.
Vany of the troughs may be initiated by the coingidence of saveral
plunging waves along approximately the same line. Onee daveloped
the trough is likely to continue. Farther indicdtion ol the
importance of wave plunging in lorming Lroughs and bars comss from
the discovery that spilling waves such as accompany short-psriod
storm waves with high lecal winds bend to cbliterate lonpgshore-tars.
Under theey conditions the longshore—bars and longshore-troughs at
Seripos pisr have been complstely eliminated (figure 3, C) pre-
sumably bocause thars was no breaksr line. The inner longshore-bars
and longshore-troughs are commonly desiroyed by storm waves whare
the wind-driven waves break withoui plunging and no second set of
breakers can be developed. This was nicely demonstrated by the =ffacts
of a northeast sorm which locally attained hurricane velocitiss along
the outer side of Caps Dod, Massachusetts (figure 139).
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lengshere ourrenta have an dmportant infiuspnes in the development
of lonpéhere-troughs, The slivhi net deaward Lransport which is ob-
sgrved along the bottom inside the hreakers tends to sonsentrate the
bottom water fn the lonpitadinel dipressions produced by the nlunging
vaves, resplting In 2 stronp [Tow parzllsl to ‘ho shore. These
surrants besome lesdaprs o ths rip currepte which “reak sesward through
the kar at various peinte (13). The channels along thesa eeder
currants may be wxpossd at Low tide, Tssases found that the ripplad
inner iroughs partially sxpossd oy low tide deepesnad progressively
towamds a point whare they cénnscied with & passaps lssding through the
bar (2 rip channel).

According to mrasurements nisds by Sexiprs Instibution proups

along the southsrn California asast, the rip ourrents lecome concentrat-
ed in the gsiwrface lsyeprs outside the wreskers with btha result that thers
iz no very definite indication of 2 seaward net transport of water slong
the botbtom. Hinee shoreward vslpcitises gnderwave cresls Sre somemhst
in sxzgess of the seaward velocity ander wave twoughs, sediment tends to
move shoreward along the bottom unless the slope 15 so steep that the
pravita tive affeet will zountersct this movement up the slope. The
shoreward movemsnt is of courss mest effective near the breaker line in
the relatively shallow water where the wave effsct j= most vigorous,

I the wave height and the wator level should remain cssentially
the same, a profile of eyullibrium will result hesause th2 shorsward
movement of The sand will bpdild the bar gp oniy o the helght vharae
waves will brzak on top of it with sufficient forco io sarry away ths
sand which s being added, 3imilariy the trough will contimuse 1o
deagpen oaly Lo tha depth 2t which tha bottom current is capable of
carrying Awsy the sand contriluled o it toth from the lardward migrat-
ing tAr outside the breakers and from the szaward transpori of material
inside the lreskers.

If the wave heipht changes, the squilfbrium will be disturbed, If
the waves ars larger (assuming the sams period) thz breakers will plungs
on top of the bar and thus cut it away (firure 18, R) and aftar g Lime
a pew ar will devalop seaward of the old (Pigure 128, €)., In ths
parly stages of large waves the cutting sffect is the most significant
tat the ssdimont which is lereely zarrisd oyt in the rip channsls will
tend to be redistriluted along the outer alope and start moving in o
Tzi1d up the bars 3t depthe which are compatible with Lhe new wave
height, The ['ew instances vhere deposition took place along Sgripps
pier during large waves are noi clearly understoed, but they are
apparently the result of the reversal of corrent which caused a4 block-
ing of the naturzl oullets of the troushs and thareby caussd an
aocumilatdon of the sedimemt sgainst the pisr.

Lowered wave heipht will allow the tar to grow shoaler and ta
ancroach onte the trough as in igare 13, A-0. If the feeder currents
are no longer capable of maintaining the trough in i1ts deep position
pecéusa of the shoreward movzment of the breaker zone, the trourh

24



<2

(B 2
‘ i | I I ! I I RS
VARIATION (N THE GRESS-SLETIONAL SREA 0F THE LEWEEHRRE-BAR AT SONIFes PIER N RELATION T0 ®AvL WEIGHT AND KEARSHORE GURNENTS FIFLNE 12

=1y SR 13 HOYERBER O BEMBER JaNURRY |R3E FEBFALART WARGH BARIL waY JUNE JULT AuGusr sEPrEI!EI dct.-l
-l _ Iz |;o ED [} L. ] Bl I 20 1 $5 L - (£} F3] B ER | = 2 ||_;| - BRI [ 1o ||
" L ] - : : II i I -
3'3 : i - ——
*‘; | ‘Ir T \ | | | I
2L S VAVE REIGHT |I | ! g H- 'i1|‘.] i
. i :Jq-l!l il j"-.]‘_"i *I \:1'\.. rll \5. 1% 3 i;ll || jlll P » "!!I1F'i|u'4 li !I. IIII j . I-IIF' |!|I II "l'IL."IL | i o lhl §
% |i |:|“L' 4l Py - L SRR i |% Y i o L kﬁ\lL.d. i e b P | wmo | 4 ' en l. e - |
I i i A B 4| A . ¥ R : l i e B, A o s s T ‘ﬁ\r‘*-’ :
iy et -t i A i ! ] I
2 N cqols seomiotiaL area oF Bam I I| i .HI
¥ s | g: |.'L|. T ! 1 -
Em 'h' Nt g /" il U} ll | ,I;ﬂ_ {\ ﬂlll
S T | | I ! T K]
ﬁ i .|I ||. f '|"|,T.l'h' - fl W"I | I| | i : || | |Ml,-"'-"l ! LJ'I ll'J‘"u'H. jl ‘I‘l = ||_| "ul _ _
: | |y I ) ' h
4 En—.._ CURRENTS - - —t it ".ll —— l! ' ] -
T 2 i a l — - -2 . S T Er-TES— T
m B - o i+ | Y 1Y At 1% N T i -+ bebde 4 » | -
3 gl = | - m: | ¥ = ll iX! B #Hr Lafh Il I | ﬂm;..ﬁ I'\T‘-"\ pLn A A5 an LT : H_ U1 ||
it B i L i L ILIR ) | l! P " —ﬁ Lﬂ__..]' Illh R [TNEAT 1““’1]' 1 i ISR
E i i +—|1_U;__j il s .]I | fi I[ | |1I. 4 ||l i 1 . v =+ | ] | i S R s 3 Y urur ILL_
B 1 10 : . =g ] il
o gn““:-.m{taﬁi W U RRENT _ur'E;i.HE"r'mi.ir VILOHITY | , ~:1- 3 ] ' | L) —_ ] |
§ T e e o ety nd ! = 1 ] i
E :::_— o URREMTE uaa:n'.'iealhc:.r FIER :Eu |ipnu|:|nr uh'l'l mmul'rsnl___ 3 e ] i | : 1 Ll
| Il 4 s Fri




92

SEASOMNAL CHANGES DF LONGSHORE-BARS

" MaAY, (B0 HUNE dULY AUGLST SEPTEMEER QCTERER RENBUAELF EEEm JANUARY, _I‘!_ﬂ-‘ FEHRLART
| S '
/"f __";‘“-_.___- — R_f
¥
';._.-‘_S'-k\f -~
P LTS Tl e | O A W
sRIreE £ V3 --._.-"""J/" = s
COTIBER (FYF— 1050 —— .\ -
) =
+ B3 -m@E ———- ﬂ_““_m},_q' v, )
® |38 - 1340 creomeeees o
i = -
0 i T BECAMMUE BigR-T =l
iBah —fRAR —
L WAL = 19N ——
. (BaA— 1345 ———— <t .
) B4 = |34 — FIGURE §%
md"?’i!l}.ll WAYEMBER DECK WEER dRLART FrEnuany WERCH ARRIL LES ] il ALY _i.l_JIu!.f |EF'|'EH_§EH‘ {1128
i
- T
' —] = e et
AP - _/ P
.bf Y hﬂ"h’a-{j_ i \\/ !‘-;g“\i'-.':"f et
, 2 ' k
-0 I " L“"‘ o *'"viu"_q"' -
S{L
- Wl Flaim 57

EIGHT YEARS OF SEASONAL CHANBES OF LONGSHORE -BAH

AT ‘SCRIFPS PIER




PR
TEW MOTIE L334

00 4?0 500 500 7 __8og
Y DISTANGE |0UT FROM SEA WALL IN FEET [ B
ll
g | WAYE HEIGHTS
B | o ——— || FEB. 1938 30 FEET
L p— T TR I
8 S
a T e -
o= e STRONG NORTH GURRENTS

o

Bre B &

=

b

T

e

—_— A

i4

MER (938

"

JWAVE HEIGHTS

4.0 FEET
aig |-

TR |2 —g
o [ —

—9 i

13

I WAVE HEIGHTS
o ——=— 14 MAR. 1938 5.8 FEET
G 3_5 1

i5 = W

A-PROFILE CHANGES AT SCRIPPS FIER DURING STRONG NORTH .CURHENTS AND LARGE WAVES
B-EXCAVATION AT SCRIPPS PIER DURING INGREASED WAVE HEIGHT

G -BUILDING UP OF BAR QUTSIDE AT SCRIPPS PIER DURING DECREASED

FIGURE |8

WAVE HEIGHT




will £211 and the slope hecome relatively even in the zone whors the
bar and trough had sxisted praviously.

mring periods of large waves the developmsnt of multipls lonsshora-
bars iz r=adily explained 2s the result of the re-forming of the waves
over the troughs 2fter breaking on the outer bar (figure 2}. In
shoaler watsr the wave breaks zgzain with an éxact repetition of the
bar and trough forming process. Since the waves are smaller the topo-
graphic reliaf of the imner bars and troughs is less strikine. Other
cases of multiple bar dsvelopment can ba explained by a rising tide
causing the waves bo break at suceessively higher pointe along ths
slope. Whorsvar a good davelepment of rip lseder soerrenlts is capsble
of garrying tho ssdiment awsy lrom the plungs ¥one 4 trough will tand
to develop., A Lulline tide, howsver, will tend W desirey the shealer
bars, &5 wag shoym in the tank experimente Yy King snd Willlans (9,
py 81), Longshore-tara and longshore-trouphs developed by larpe waves
mey not be dustroyad when the waves descrease ant new bars and troughs
are davelopgd al shealer deptn. King and Williums developad two zete
of tars in thelr tank mDoperiments by decreasing the wave size. Isaags
found thet duriag the small wave $sason he could anchor a wave meler
on & deep onter bar off the Urezon coast and i1 remained undisturbed.
Thase deep hars are- the product of larps winter waves,

The pensral abzence ofl siprificant longshore-bars oflf sdtesp
peaches is r=adily explained by the fact that the waves brask so close
to the shers that thers 1s no eppertunily for the development of tha
longsliore currents along the plunge zone. The dsscclation of well-
doveloped cudps with thass siscp beaczhes o probubly of some signifi-
cance in this conn=¢tion.

Svmmary and Conmlnsiong

Slichtly submerped sand bars extond parallel to bthe shore lins
off mo5t gently sleping beachss. Hundreds of profilss af longshore—
bare have been taken larsely along the west coast. An analysis of
thess profilss has shown that thers is considersble variation in the
relation belween dapth of troogl and depth of bar bslow mean sea
level. The most representative relation shows that the troughs are
1.3 times a3 deep a5 bthe bars with refersnce to wmean sea level, or
1.5 times ag deep with refzrence to mean lower low watler, The depth
ratic tetween bar crest and bar base is 0,61 for mean seu levsl, or
055 for mzan lower low water, which comparss well with the 0.58 ratio
indicated by Kevlegan's experiments at the Beach Erosion Reard labora—
tory. A source of difficulty in developing such ratios comes from the
azzpaning of (ke longshore-trourhs towards gaps in the lanpshore—bars.

The decth of the lonpshore-btars was {ound %o be related %o ths
height of waves and lo the position of breakers, Flunging breakers
pxcavate the btottom, producing the longshore-troughs. The mzterial
thns sat into suspenyion 18 msved parallel to the shore by currents
which wmrn geawapd inle rip channels forming gaps in the lonishore-
bars. Some of the bars and troughs are esxposed Ly low tide, The
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sand carrizd outside the bar is spread out over the slope by the mx—
panding hesad ol the rip current. Thence the choreward drag under
wave crestis carries it back to tuild up the longshore-bars outside
the troughs. The growth of these bars is limited by the depth at
which the waves will plunge and prevent further sand ancroachment,
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